| INTRODUC TI ON
Most of the common Mendelian diseases of humankind (eg, sicklecell disease, the thalassemias, and glucose-6-phosphate dehydrogenase deficiency [G6PD])-are considered to offer a survival advantage against malaria, the strongest known selective pressure impacting the human genome. 1 The inherited red blood cell (RBC) polymorphism South-East Asian ovalocytosis (SAO) arose in humans approximately 10 000 years ago likely as a consequence of malaria selection pressure. 2 Despite homozygous lethality in utero, the balanced polymorphism affords heterozygotes survival advantage against both falciparum 3, 4 and vivax malarias 5 and occurs on the Malay Peninsula, the Indonesian, and Philippine archipelagos, and through much of Melanesia at prevalence rates as high as 30%. [6] [7] [8] [9] The impact of this polymorphism on the clinical that is, the degree of ovalocytosis, as the sole SAO-defining criteria. Wide variation in diagnostic criteria (cut-off values ranging from 25%-50%), [11] [12] [13] [14] [15] [16] along with inter-and intra-observer variability, was cited as some of the reasons that molecular probes, 17 employed in epidemiologic studies since the elucidation of the molecular defect underlying SAO in the early 1990s, 18 were deemed superior to peripheral smears. Few published studies since then have analyzed RBC morphologic parameters with genotypic diagnosis in hand. In the current retrospective study of 971 peripheral smears, each represented by PCR confirmation of SAO mutant or wild-type genotype, we set out to validate the most sensitive and specific methodology for the light microscopic diagnosis of SAO.
| SUBJEC TS , MATERIAL S AND ME THODS

| Ethics statement
This study is a secondary analysis of data and blood samples that were collected under a separate approved protocol. Both were approved by the Eijkman Institute Research Ethics Commission, and conducted according to the principles expressed in the Declaration of Helsinki. Written informed consent was obtained from all subjects. Parents or guardians signed the informed consent for minors.
| Study design and Study site
Study samples (blood smears and venous blood samples from 2056 females) collected in hamlets surrounding two health centers in Southwest Sumba (Kodi Balaghar and Kodi Bangedo sub-districts), East Nusa Tenggara Province, Indonesia, were screened for malaria and G6PD deficiency in the field. Later at our laboratory in Jakarta, an inter-rater diagnostic performance design with cross-validation was used, whereby slides were held constant across microscopist, to assess both the diagnostic performance of light microscopic detection of SAO and the variability of this diagnostic performance among microscopist.
| SAO genotyping
The SLC4A1 gene region (17q21.31) was amplified from genomic DNA isolated from EDTA anticoagulated blood using a modified "salting out" method adapted from Lahiri and Nurnberger.
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PCR amplification was as follows using the band 3-specific primer pairs originally described by Jarolim 
| Thin film preparation and Slide inclusion criteria
Thin blood films were prepared immediately from venous blood without anticoagulant, air dried, methanol fixed, and stained with Giemsa.
Low power (10× eye piece; 40× objective) light microscopy criteria used to evaluate the adequacy of thin films for RBC morphology includes; (a) the presence of a feathered edge with a single cell layer suspension, (b) appropriate Giemsa staining defined by the ability to discriminate distinct morphologic cytoplasmic and/or nuclear features of leukocytes, and (c) freedom from considerable water/drying/staining artifact that could interfere with RBC morphology assessment.
Of the 2056 blood smears and venous samples collected in the field, cluding 29 samples due to nondiagnostic SAO PCRs, and excluding another 33 slides due to poor slide quality, 971 high-quality malaria blood smears with SAO genotypic diagnosis remained.
| RBC morphologic evaluation
Three suitable slide collections for which genomic DNA was available (primary proficiency test, n = 21; secondary proficiency test, n = 50; main study set, n = 971) were selected. Three expert microscopists systematically evaluated each blinded slide according to a standard operating procedure that was refined at each of the three phases. RBC morphology was primarily assessed using the 
| SAO diagnostic criteria and Reporting of results
To render a diagnosis of SAO, the following diagnostic criteria were applied in the first proficiency test; (a) ≥1% ovalocytosis and ≥25% 
| Statistical analysis
Analyses were conducted using SAS Software 9. (≥25%) were recorded.
In the second proficiency test, diagnostic criteria were ex- 
| SAO diagnostic criteria applied to main study set
| Diagnostic performance
The genotypically confirmed prevalence of SAO in this study set (n = 971) was 17.2% (167/971). Table 1 lists RBC morphology and recorded SAO diagnosis of the genotypically defined thin smears.
Using a knizocyte-centric diagnostic criteria, SAO was diagnosed if one or more knizocytes were identified in 100× fields in a minimum of 80% of 10 scanned fields. If stomatocytes or at least a low degree of ovalocytes were detected in the background and knizocytes
were not detected in the requisite 80% of fields, then an additional 10 fields were scanned at 100×. The detection of knizocytes in the majority of fields screened (>50%) in a background of stomatocytosis or ovalocytosis again prompted a diagnosis of SAO. Using this approach,, the three microscopists evaluated the slides with a sensitivity of 0.92, a specificity of 0.74, a PPV of 0.28, and a NPV of 0.98 (Table 2) . These results were confirmed with the validation set (also in Table 2 ). As a high rate of nonovalocytic stomatocyte misclassification as knizocytes was recorded by microscopist 1 compared to microscopists 2 and 3 (knizocytes were detected in 62.5% of non-SAO slides, compared to 7.2% and 5.8% detection in non-SAO slides by microscopists 2 and 3 [ Table 1 ]), removal of microscopist 1 from the data set slightly decreased the sensitivity to 0.89, although NPV did not change, while dramatically increasing the specificity to 0.93 and the PPV to 0.69. As indicated in Table 2 , PLR, NLR, and Youden's J all increased greatly after removal of the reports of microscopist 1.
| Inter-rater reliability
Agreement among the three microscopists was slight to fair findings of microscopist 1 were excluded. Because PCR or the "gold standard" has some error, agreement was also calculated between microscopists and PCR. The overall Kappa was 0.36 ( Figure 2 ), which is substantially lower than the Kappa values achieved by microscopists 2 and 3 due to the relatively inaccurate findings of microscopist 1, without which the overall Kappa almost doubled to 0.65 (Table 2 ). 
| Correlation of knizocytes with SAO status
| Impact of patent parasitemia on the prevalence of SAO and knizocytes
The prevalence of patent P. falciparum parasitemia in this study set was 5.8% (56/971). Excluding rare P. vivax, Plasmodium malariae, TA B L E 2 Training and validation diagnostics, for all and selected microscopists and mixed P. falciparum and P. vivax cases, the prevalence of SAO or knizocytes in slides with and without patent P. falcipaum parasitemia was not significantly different (P = 0.11 and 0.49, respectively).
| D ISCUSS I ON
The RBCs of SAO are often described as being stomatocytic elliptocytes with a slit-like area of central pallor or resembling the Greek letter theta (θ). In a small proportion of these stomatocytes, two or less frequently three pale regions separated by a well-hemoglobinized ridge are apparent, giving the appearance of double stomatocytes, 10 that is, knizocytes (Figure 3 The markers of diagnostic performance and concordance in this study draw one clear conclusion: accuracy hinges on the training and judgment of the microscopist, which will inherently vary among individuals. Nonetheless, provided appropriate and relatively simple visual training and practice, the light microscopic diagnostic criteria described herein proved powerful predictors of SAO status, comparable to far more expensive and laborious molecular diagnostics.
These data in aggregate suggest that recognition of knizocytes is key to the diagnosis of SAO, and that the inclusion of additional morphologic criteria such as percent nonovalocytic stomatocytosis or degree of ovalocytosis provides only slight incremental improvement to the NPV, with either no improvement or a declination in the PPV.
The capture of additional morphologic parameters (eg, target cells and schistocytes) would likely boost the specificity of this approach, 
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